Objective: Domperidone Maleate is a dopamine -receptor (D 2 ) antagonist, widely used in the treatment of motion sickness and used as an antiemetic. The bioavailability of domperidone maleate when administered orally is low due to the first pass metabolism in liver, drug delivery through transdermal drug delivery has the ability to deliver the drug directly to systemic circulation by passing the liver and hence increase in bioavailability of the drug. The main aim of this investigation is to develop and evaluate matrix type transdermal drug delivery systems of domperidone maleate. Methods: The matrix type transdermal patches of Domperidone Maleate were prepared by solvent evaporation technique. The tensile strength and elongation break, in vitro drug release, in vitro drug permeation and Ex vivo permeation through rat abdominal skin were studied. The physicochemical interaction between domperidone maleate and polymer were examined by Fourier Transform Infrared Spectroscopy (FTIR). Results: All the formulations showed satisfactory physicochemical and mechanical characteristics. The optimized formulation F5 (drug: polymer ratio is 1:12.5 and 5% v/w eucalyptus oil) showed maximum cumulative percentage of drug release (1832.16±60.14 µg/ cm 2 ), permeation (650.36±29.6µg/ cm 2 ) in 10 hrs. Flux (20.462 µg/ hr/ cm 2 ) and permeation coefficient of 0.204×10 -2 cm/ hr. Values of tensile strength (2.66±0.0026 kg/ mm 2 ) and elongation at break (16.57±0.26 % mm 2 ) revealed that formulation F5 was strong but not brittle. FTIR studies showed no evidence of interaction between the drug and polymers. Conclusion: Domperidone maleate matrix type transdermal therapeutic systems could be prepared with the required flux and suitable mechanical properties.
INTRODUCTION
Advances in new research are resulting in a large number of drugs that are being delivered transdermally. Transdermal drug delivery systems are desirable because of the advantages over the other routes of drug delivery. This system provides convenient, pain less, self-administration, eliminate frequent dosing of the drug with short half-life can be delivered and generally they are improving patient compliance. [1] [2] For potent drugs having extensive first pass metabolism this is preferable delivery system. It also has additional advantage that dosage forms can be removed in emergency (adverse/ side effect) or when action is to be stopped. Intensive research has reported that transdermal drug delivery is a probable mode of delivery for lipophilic drugs in systemic circulation. 3 -5 Nausea and vomiting are prominent, due to direct stimulation of CTZ by the cytotoxic drugs as well as products of emetic impulses and mediators from upper gastro intestinal tract. Domperidone maleate is a dopamine receptor antagonist, widely used in nausea and vomiting. In humans, after intra muscular injection of domperidone peak plasma concentration occurs within 10-30min, after oral administration. It has been reported that, after oral administration domperidone is rapidly absorbed, but it shows poor bioavailability (15%) due to hepatic first pass metabolism. From above reasons, physicochemical properties like molecular weight 425.9 g/mol, dose 10 mg and pharmacokinetic property like absolute bioavailability 10-20%, log P 3.11, domperidone was considered to be a suitable drug candidate for transdermal delivery. 6 However, the highly organized structure of the skin is stratum corneum forms a formidable layer for drug permeation. It should be modified if poorly permeable drugs are to be administered. [7] [8] Two major strategies to increase rate of permeation through skin include physical methods (electroporation, iontophoresis, microneedles, and sonophoresis) and chemical method including permeation enhancers like solvents, fatty acids, surfactants and terpenes. [9] [10] [11] Terpenes are naturally occurring volatile oils and appear to be clinically acceptable permeation enhancers. Different types of terpenes have been shown to increase the permeation of a number of drugs. In the present research, menthol and eucalyptus oil were used as permeation enhancers. [12] [13] The objective of present research was development of matrix type transdermal patches of domperidone maleate and to evaluate physicochemical, mechanical properties, in vitro drug release, in vitro permeation and Ex vivo permeation through rat abdominal skin.
MATERIAL AND METHODS

Materials
Domperidone Maleate was gifted by Merk limited, Mumbai and Hydroxy propyl methyl cellulose (HPMC E15), Poly ethylene glycol (PEG-400), Menthol, Eucalyptus oil were obtained from S.D. fine chemicals.
Development of matrix type transdermal system
Matrix type transdermal patches were prepared by using solvent casting method with HPMC E15 as a polymer and poly ethylene glycol as a plasticizer. Weighed quantity of polymer dissolved in 25 ml of solvent mixture 1:1 ratio of (Methanol: Dichloromethane) allowed for swelling for about 6 hours, polyethylene glycol and drug were dissolved in solvent mixture and added to the polymeric solution. Measured quantity of menthol and eucalyptus oil (5% v/w) were added as a permeation enhancer. This was set aside for 2 hrs to exclude entrapped air, then transferred to a petriplate, and dried at room temperature. 14 The developed matrix type patches were carefully removed and cut into size 4cm 2 , and stored in desiccator. The prepared patches were subjected to evaluation process. The composition of patches is shown in Table 1 .
Evaluation physicochemical properties:
From each formulation six patches were weighed individually and average weight was calculated. The thickness of the patch was measured at six different points of patch using screw gauze. Patches from each formulation (n=3) of 4 cm 2 were cut into pieces and weighed. The pieces were taken into 100 ml volumetric flask, allowed to dissolve in 2 ml DMF (dimethyl formamide) and made up to 100 mL with 0.1N hydrochloric acid. The above solution was filtered using 0.45 µm membrane filter and the drug content was analyzed using UV-visible spectrophotometer at 284 nm. Folding endurance of the patch was determined manually by repeatedly folding a small strip of the medicated patch at the same place until broken. The number of times the strip could be folded at the same place without breaking gave the folding endurance. 15
Moisture absorption study
Accurately weighed patches were placed in a desiccator containing 100 ml of saturated aluminum chloride solution (79.5% RH). After three days the patches were taken out from desiccator and weighed. The percentage of moisture absorption was calculated as the difference between the final and initial weight with respect to the initial weight. 16 
− = ×
Final weight Initial weight % Moisture absorbed 100 Initial weight
Moisture content determination
Accurately weighed patches were placed in a desiccator containing calcium chloride solution at 40ºC for 24 hrs. The final weight patches were noted until there was no further increase in weight of patches. The percentage of moisture content was calculated using following formula. 16 
= ×
Initial weight
Final weight % Moisture Content 100 Initial weight
Water vapor transmission rate studies (WVTR)
WVTR studies were performed according to method described by Kusum Devi et al. 17 Use glass vials of equal diameter as transmission cells. These transmission cells were washed thoroughly and dried in oven. About 1 gm anhydrous calcium chloride was placed in the cells and the respective transdermal film was fixed over the brim. The cells were accurately weighed and kept in a closed desiccator containing saturated solution of potassium chloride to maintain a relative humidity of 84%. The cells were taken out and weighed after storage. The amount of water vapor transmitted was found using following formula:
Initial weight Water vapor transmission rate ( Time Area)
WVTR is expressed as the number of grams of moisture gained/hr/cm 2 .
Measurement of mechanical properties
Mechanical properties of the films were evaluated using a microprocessor based advanced force gauze (Ultra Test, Mecmesin, UK) equipped with a 25kg load cell. Film strip with dimensions 60×10 mm and free from air bubbles or physical imperfections were pulled the strips to a distance held between two clamps positioned at a distance of 3 cm. During measurement, the top clamp at a rate of 2mm/s till the film broke. The force and elongation were measured, when the film broke. The mechanical properties were calculated according to the following formulae. Measurements were run in four replicates for each formulation. 18 
In vitro drug release studies
In vitro release studies were carried out using Franz diffusion cell. The transdermal patch was kept in the donor compartment and it was separated from the receptor compartment by dialysis membrane (Hi media M.W. cut off 5000). The donor and receptor compartment were held together using clamp. The receiver compartment contained 20 ml of PBS of pH 7.4 containing 20% v/v of PEG-400, stirred at 500 rpm and temperature was maintained at 37 ± 0.5 0 C. One ml of samples were withdrawn at pre-determined time intervals and replaced with an equal volume of fresh medium. The drug content in the samples was determined by UV/ visible spectrophotometer at 284 nm. Cumulative amount of the drug released were calculated and plotted against time.
Ex vivo permeation studies
Preparation of rat abdominal skin
Albino rats having weight 150-200 gm were sacrificed using anesthetic ether. The hair of test animals was carefully trimmed short (<2 mm) with a pair of scissors and the full thickness skin was removed from the abdominal region. Prepared the epidermis surgically by heat separation technique, involving soaking the entire abdominal skin in water at 60°c for 45sec, followed by careful removal of the epidermis. The epidermis was washed with water and used for Ex vivo skin permeability studies.
For Ex vivo permeation studies the skin was mounted between the two compartments of the franz diffusion cell with stratum corneum facing the donor compartment. The stratum corneum side of the skin was kept in intimate contact with the release surface of the TDDS under test. A dialysis membrane (Hi Media, M.W. cutoff 5000) was placed over the patch, in order to secure it tightly in the way that it will not get dislodged from the skin. The receiver phase contained 20 ml PBS of pH 7.4 containing 20% v/v PEG 400 which was stirred at 500 rpm on a magnetic stirrer and the whole assembly was kept at 37 ± 0.5 0 C. Samples of 1 ml were withdrawn at pre-determined time intervals up to 10 hrs, the volume was replenished with an equal volume of fresh medium and analyzed by UV spectrophotometer. Cumulative amounts of drug permeated in μg/cm 2 were plotted against time and drug flux (μg/cm 2 /hr) at steady state was calculated by dividing the slope of the linear portion of the curve by the area of the exposed skin surface (3.14 cm 2 ) and the permeability coefficient was deduced by dividing the flux by initial drug load. [19] [20] 
Drug-polymer interaction studies
Fourier transform infrared spectroscopy studies were carried out to determine possible interaction between drug and polymer utilizing the KBr pellet method.
(PerkinElmer FT-IR)
RESULTS AND DISCUSSION
Weight, thickness variation, drug content and folding endurance
The physicochemical characteristics like weight, thickness variation, drug content and folding endurance of the transdermal patches are shown Table 2 . The weight range of the patches were from 150.3±1.84 to 159.6±0.22 mg. In formulations F1 to F3 the weight of the patches was different and F2, F4 and F5 the weight is almost same. Thickness ranges from 0.40±0.75 to 0.58±0.98mm. The weight and thickness increases with increasing HPMC E15 concentration in patches. The results showed that the transdermal films were uniform, as it was evidenced by RSD value, which were less than 6. Good uniformity in drug content was observed in all transdermal patches as evidenced by low RSD values. The drug content ranges from 98.56 ± 0.14 to 103.48 ± 0.26. The folding endurance numbers of HPMC E15 containing patches has in the range of 96 ± 5.45 and for the formulations prepared with penetration enhancers were in the range of 104 ± 2.15 to 121 ± 3.64. The folding endurance number gives the mechanical property of the patches; high folding endurance number indicate that the patches have high mechanical property. The folding endurance number was increased with increasing HPMC E15 content. These results indicated that the patches would not break and would maintain their integrity with general skin folding when applied.
Moisture absorption and moisture content studies
The results of moisture content and moisture absorption studies were shown in Figure 1 . The moisture content in the formulation varied from 4.34 ± 0.37 to 5.85 ± 0.9. The moisture absorption in the formulations was from 14.13 ± 0.39% to 24.76 ± 1.57 %. The results revealed that the moisture absorption and moisture content was found to increase with increasing the concentration of hydrophilic polymer (HPMC E15). The small moisture content in the formulations help them to remain stable and not being a completely dried and brittle film. Again, low moisture absorption protects the patches from microbial contamination.
Mechanical properties
The results of mechanical properties (tensile strength, elongation at break) were shown in Table 3 .
The mechanical properties shows the film's strength and elasticity, as it was revealed by the parameters of tensile strength (TS), elastic modulus (EM) and elongation at break (E/B). A low values of TS, EM, and E/B indicates polymer is soft and weak; a hard and tough polymer is characterized by high values of TS, EM and E/B. Another important parameter is strain, which has been used as an indicator of the polymer film's overall mechanical quality. 21 For a suitable transdermal film should have a high tensile strength, elongation at break and strain but a low elastic modulus. Optimized formulation F5 exhibited TS and EM values (2.66 ± 0.026 kg/ mm 2 and 7.18 ± 0.03 kg/ mm 2 ). These observations indicate that as the polymer concentration increased the TS and EM also increased but E/B values decreased. These results revealed that optimized formulations were found to be strong and flexible but not brittle. 14
In vitro drug release studies
The drug release profile of prepared transdermal films are represented in Figure 2 and Table 4 . The results of release studies showed that F2 formulation has higher drug release 673.774 ± 32.65 µg in 10 hrs compared to F1 and F3. Hence, formulations containing permeation enhancers F4 and F5 showed higher drug release 756.14 ± 48.36 µg and 951.24 ± 64.95 µg in 10 hrs respectively compared with formulation without permeation enhancers. From the results and graphs it is clear that the drug release was depends on polymer and permeation enhancer content. An increase in the content of polymer was associated with decrease in drug release rate. The in vitro release data of all formulations of patches well fitted into zero order equation, R 2 values were between 0.882 to 0.9822. Values of release exponent (n) in the range of 0.5828 to 0.741 revealed that release pattern was found to follow anomalous transport mechanism results showed in Table 5 . 
Ex vivo permeation studies
Ex vivo permeation studies were carried out for F2, F4, F5 formulation and drug solution. The results showed in Figure 3 and Table 6 reveals that F2 formulation has drug permeation467.89 ± 28.31 µg/cm² and flux 12.936 µg/cm²/hr in 10 hrs. Earlier research studies revealed that menthol and eucalyptus oil were used as permeation enhancers. To increase the drug permeation, permeation enhancer (Menthol F4 and Eucalyptus oil F5) in the concentration of 5%v/w was added to F2 formulation which showed a result of drug permeation, flux and enhancement ratio 532.72 ± 30.65 µg/cm², 650.36 ± 29.6 µg/cm², 16.578 µg/cm²/hr, 20.462 µg/cm²/hr and 1.28, 1.58 respectively. Hence, with the use of permeation enhancer showed a good result in increase of drug permeation. Plotting the cumulative amount drug permeated per square centimeter of the patches through the rat abdominal skin against time in minutes showed that, the profile of drug permeation might follow zero order kinetics as it was proved by correlation coefficients 0.95 to 0.99, better fit than first order (r 2 = 0.852 to 0.966) and korsmeyer peppas model (r 2 0.925 to 0.963 and n values 0.55 to 0.806). The r 2 and n values reveal that the permeation of Domperidone maleate from the transdermal films followed zero order and through anomalous mechanism. The required flux for domperidone maleate was approximately 88.28 µg/ cm 2 /hr and flux obtained by optimized formulation F5 was 20.462 µg/cm²/hr. in order to reach the required flux, the flux area has to be increased up to 17.26 cm 2 . Finally cumulative percentage of drug permeated through the rat skin was correlated against cumulative percentage of drug released using in vitro release test for optimized formulation F5, Figure 4 shows the relationship between the percentage of domperidone maleate released in vitro and percentage of drug permeated ex vivo. The straight line and the high correlation coefficient of 0.995 proved the good correlation between in vitro drug release and Ex vivo drug permeation studies. Hence by considering the complete difference in the test conditions of in vitro and Ex vivo release studies, the high correlation and coincidence of in-vitro and Ex vivo release profiles, it can be concluded that such a transdermal patches could be a useful carrier in transdermal drug delivery systems.
Drug-polymer interaction studies
The FTIR spectral analysis of Domperidone maleate alone showed that the principal peaks were observed at wave numbers of 3530.06cm −1 (N-H stretching), 2346.21 cm −1 (asymmetric C-H stretching), 1846.57cm −1 (N=C stretching) and 1715.31 cm −1 , 1694.22 cm −1 (C=O stretching). Some other peaks which were observed at 1147.18 cm -1 and 1062.18 cm −1 . The HPMC E15 FTIR spectrum presented a profile without distinctly high peaks. The FTIR spectra of the physical mixture of Domperidone maleate and HPMC E15 showed approximate superimposition of the drug and HPMC E15. These results suggest that there is no interaction between the drug and polymers used in the present study. The FTIR profiles were shown Figure 5 .
CONCLUSION
The present study showed that domperidone maleate patch containing HPMC E15 in the ratio of 1:12.5 with 15% v/w of PEG-400, achieved the desired objectives of TDDS, such as overcoming of first pass effect, extended release and frequency of administration may serve as better system for transdermal delivery. The polymeric films containing domperidone maleate were prepared and evaluated for physicochemical, in vitro drug release and permeation characteristics. The formulations containing HPMC E15 and permeation enhancers (eucalyptus oil 5% v/w) were found to higher flux (20.462 µg/cm²/hrs.).
Good in vitro and ex vivo correlation for optimized transdermal patch demonstrates the validity of the release test conducted. The transdermal patches of domperidone maleate with required flux could be prepared with suitable mechanical properties, further studies are recommended to find their therapeutic utility in humans by pharmacokinetic and pharmacodynamics studies.
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